Introduction
The pediatric population is at risk of poor pain assessment and management which in turn may result in immediate and long-term adverse physiologic effects. [1] [2] [3] [4] [5] The continuous infusion of opioids remains the mainstay of analgesic therapy in neonates and infants. [6] [7] [8] The safety of opioids for critically ill and/or preterm neonates and infants has not been well defined. [7] [8] [9] Furthermore, there are limited data demonstrating the optimal opioid or mode of delivery in this population. Opioid dosing in these populations is complicated by differences in body composition, drug absorption, distribution, metabolism and elimination, variability in the severity of illness, combined with rapid changes in brain development, receptor expression, opioid pharmacodynamics, and pain mechanisms.
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Walia et al allowing more involvement of caregivers in the treatment process and allowing the immediate treatment of pain based on the health care provider's assessment. NCA allows for flexible dosing, rapid titration in response to pain or the anticipation of pain, increased health care provider (nursing) participation, and decreased need to repeatedly breach the intravenous site. 12 Although the safety and efficacy of NCA have been demonstrated in several pediatric populations, there are limited data in neonates and infants. [12] [13] [14] The present study retrospectively reviews patients less than 1 year of age who received NCA as ordered by the Acute Pain Service (APS) at our institution over a 5-year period. The focal outcomes included adverse effects necessitating activation of a Rapid Response Team (RRT) or Code Blue in this patient population. We examine the incidence of these adverse events among neonates and infants receiving NCA, and test for potential associations of adverse events with NCA agents and patient characteristics.
Methods
This retrospective study was approved by the Nationwide Children's Hospital Institutional Review Board with the waiver for the need to obtain written and informed consent being due to minimal risk to the subjects and as the research could not have reasonably been carried out without the waiver. This study involved a retrospective review of the quality improvement database from the Department of Anesthesiology and Pain Medicine at Nationwide Children's Hospital (Columbus, Ohio). Nationwide Children's Hospital is an urban, free-standing, 510-bed tertiary care children's hospital. The database consisted of electronic medical records of patients with anesthetic procedures between January 2010 and October 2015. Each patient less than 1 year of age receiving NCA was identified and the hospital records were reviewed. Data on patient characteristics including age, weight, sex, events of interest (RRT or Code Blue), and NCA agents used were obtained for analysis. At our institution, the RRT is activated at any time when the physician team, nurse, or parent are concerned about the patient's status or safety, whereas Code Blue is activated when there is an acute change in cardiorespiratory status or a cardiopulmonary arrest. The analysis of RRT activation captures potential complications of NCA, such as excessive dosing resulting in respiratory depression, nausea, or vomiting. Data on pain scores after NCA initiation were available for infants <1 year of age receiving NCA since September 2014 due to restrictions by electronic medical record implementation.
For each patient, data from the earliest admission involving an encounter with the APS were analyzed. Each admission may have included a single encounter with the APS at which NCA was initiated, or may have included multiple encounters at which NCA was monitored, and in some cases, changed to another agent (fentanyl, morphine, hydromorphone). The admissions were classified as involving a single encounter with the APS; involving multiple encounters with no change in NCA agent; or involving multiple encounters with a change from the initial NCA agent used. Events of interest (ie, RRT or Code Blue activation) were tracked from the time of the index admission, with patients labeled as experiencing no event, RRT activation (including a subsequent Code Blue, if applicable), or Code Blue activation alone. If available, the first pain score after the initiation of NCA obtained using the FLACC (face, legs, activity, cry, consolability) scale was selected for analysis.
Patient demographic characteristics, changes in NCA medication, RRT or Code Blue events, and pain scores were compared by the type of first NCA agent using chi-square tests for categorical variables and analysis of variance for continuous variables. Multivariable logistic regression was used to examine the influence of NCA agent on odds of an RRT or Code Blue event adjusting for potential confounding variables, including patient age, sex, and weight. Statistical analysis was performed using Stata/IC 13.0 (StataCorp LP, College Station, TX, USA) and P<0.05 was considered statistically significant for all analyses.
Results
The study cohort included 769 infants who received an APS consult between January 2010 and October 2015. Of these 769 patients, 766 received fentanyl, morphine, or hydromorphone as the first NCA agent, while three patients had an unknown first NCA agent. The patients ranged in age from 0 to 362 days (145.0±101.0 days) and in weight from 1.9 to 14.0 kg (5.7±2.0 kg). There were 338 (44%) girls and 431 (56%) boys. The most common opioid used for NCA was fentanyl (69%), followed by morphine (20%) and hydromorphone (11%) ( Table 1) . Statistically significant differences in patient demographics by NCA type included patients receiving fentanyl having the youngest age and lowest weight when comparing the three opioids. Sex composition did not differ by NCA type. There were more patients whose NCA agent was changed in the morphine group (15 of 151, 10%) compared to the hydromorphone (3 of 84, 4%) and fentanyl (13 of 531, 2%) groups (P<0.001). Patients with multiple encounters, but no change in NCA agent included 110 of 151 (73%) in the morphine group, 60 of 84 (71%) in the hydromorphone group, and 408 of 531 (77%) in the fentanyl group. 
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NCA in infants less than 1 year of age . The most common respiratory concerns included tachypnea or trouble breathing. The most common cardiovascular concerns include arrhythmia and increased heart rate. Events originating primarily due to complications of NCA were rare, with only one Code Blue and no RRTs being initiated due to what was subsequently determined to be a complication of NCA (Table 2) . Following five RRTs and no Code Blue events, the type of NCA was changed. These included one change from fentanyl to hydromorphone and four changes from morphine to another opioid. Morphine was changed to fentanyl in two cases and to hydromorphone in two others. No statistically significant differences in the reason for an event were identified when comparing RRT and Code Blue (P=0.159) events.
The analytic sample for pain score data included 198 patients receiving NCA since September 2014, of whom 156 had data on the first pain score within 24 hours of NCA initiation. In this group, 71% (110/156) received fentanyl, 24% (37/156) received morphine, and 5% (8/156) received hydromorphone. No difference in the FLACC-based pain score after NCA initiation was noted when comparing the three opioids with pain scores of 1.2±2.1, 1.4±2.5, and 1.1±2.1, respectively, in patients receiving fentanyl, morphine, and hydromorphone. An independent t-test demonstrated no statistically significant difference in average first pain scores between patients who had an RRT or Code Blue activation (1.2±2.3) and patients who did not (1.3±2.2; P=0.854).
Multivariable logistic regression models for outcomes of RRT (Model 1) and Code Blue (Model 2) activation after adjusting for sex, age, and weight are presented in Table 3 . In each model, the reference group includes all patients not experiencing the outcome event. Model sub-analysis comparing RRT activation to Code Blue among patients experiencing either events (n=39) identified no statistically significant differences by NCA type or by other characteristics in the odds of RRT rather than Code Blue being called (Table 4) .
Discussion
Given the potential deleterious physiologic effects of untreated acute pain in neonates and infants, effective management strategies are needed. However, this population also experiences the highest risk of adverse effects. 15 Patient controlled analgesia or NCA provides effective analgesia while limiting the total dose and adverse effects of opioids in toddlers and older children. Yet, our understanding of NCA safety in neonates and infants is limited by the number of studies examining NCA in this population. Our current study is the first to assess the use of NCA in a pediatric population less than 1 year of age. We examined three different opioids for NCA, which were administered with continuous doses and variable lockout intervals. Our retrospective review over a 5-year period demonstrated the safety of NCA in a large cohort of patients with a very limited adverse effect profile. While a retrospective review might theoretically miss low-risk adverse events such as nausea or pruritus, our approach of tracking the activation of the RRT or Code Blue responses clearly demonstrates the low risk of NCA in this population. RRT (n=26) and Code Blue (n=13) events were rare (2% and 3%, respectively) among patients younger than 1 year who were receiving NCA, and there was only one Code Blue activation that was definitively related to a complication of NCA. However, there were more RRT activations when using morphine as the primary opioid as compared to fentanyl and hydromorphone.
Unlike previous studies, given the younger age of the current cohort, fentanyl was the primary agent used in these patients. Although morphine or hydromorphone have been the opioids used most commonly for patient controlled analgesia or NCA, there is growing clinical experience with the use of fentanyl NCA, especially in neonates or young infants, given its more stable pharmacokinetic profile and perhaps lower risk of adverse effects including respiratory depression. 16 Our institution's current guidelines for dosing for fentanyl, hydromorphone, and morphine NCA are described in Table 5 . Our experience, institutional culture, and preference for a short-acting agent with more predictable pharmacokinetics, have led us to prefer fentanyl for NCA in neonates and infants. This is reflected in the findings in the current study with approximately 70% of the patients receiving fentanyl as the primary agent for NCA.
Furthermore, the current review provides data suggesting that fentanyl may offer specific advantages over morphine as a greater percentage of patients who started with morphine NCA required a switch to a second agent. In a retrospective review of 514 cases involving the entire spectrum of the pediatric age range, we noted that more patients who were initially started on morphine were switched to either hydromorphone or fentanyl. 17 Of the 17 morphine-to-hydromorphone switches with adverse effects, 
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NCA in infants less than 1 year of age pruritus (64.7%) and inadequate pain control (47.1%) were the most common side effects. The most common side effect resulting in a hydromorphone-to-morphine switch was nausea (66.7%). However, when pain scores were available, the current data demonstrate no difference in the pain scores during the initial 24 hours of NCA when comparing fentanyl, morphine, and hydromorphone.
The major advantage of the current study is that it used institutionally defined criteria for severe adverse events, as indicated by the activation of the Code Blue and RRT. One limitation of this approach is that we may have missed complications of NCA not severe enough to lead to activation of these teams. Another potential limitation of the database used may be inconsistent attribution of adverse events to complications of NCA. However, this was supplemented by noting when a change in the opioid prescription was required. For example, five RRT events occurred in patients where the NCA agent was changed (four of five of these events resulted in a switch from morphine to another opioid). However, in review, none of the RRTs were primarily attributed to NCArelated causes. The limitations of our data precluded more detailed investigation of the safety and side effects of changes in NCA agents. While non-life-threatening adverse effects may be lost in retrospective reviews of the hospital records, bothersome adverse effects or inadequate analgesia would be identified accurately as a medication change.
Conclusion
Authorized Agent-Controlled Analgesia (AACA) offers many advantages to pain management in children. At our institution, NCA is the standard form of AACA used in patients <1 year of age. This retrospective review demonstrates the general safety of NCA in infants by investigating events of response team activation (RRT or Code Blue) among patients receiving NCA. In our cohort of more than 700 patients, only one such activation was determined to be directly related to NCA. The rarity of these adverse events demonstrates the safety of NCA in this age range. Additionally, we noted that the need to switch to a different opioid was higher in patients started on morphine NCA when compared to fentanyl NCA, thereby suggesting that fentanyl may offer a more acceptable adverse effect profile. In our current practice, fentanyl (dosed as in Table 5 ) is the most frequently used agent for NCA because of its short duration of action and favorable adverse effect profile. We found no difference in pain scores when comparing the three commonly used opioids for NCA (fentanyl, morphine, and hydromorphone). Future prospective studies evaluating the efficacy and safety of the various opioids and dosing regimens for NCA will add to our understanding of pain management in the neonatal and infant population.
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